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B&TA OH THE HAFSIUM DIVIDE COIITEIT AID THE RATIO 

OF HAFHIUM TO ZXRCOIIUM II JOTERAI£ AID ROCKS

By Michael Pleischer 

ABSTRACT

All published data on the hafnium content and hafnium/Eirconium 

ratio in minerals and rocks hare been compiled. The average ratio 

If/Zr IB about 0*02 in the earth's crusts Minerals from aUtealic rocks 

such as nepheline syenites hare lower Hf/Zr ratios than does zircon 

from granitic rocks f Minerals from granitic pegmatites have the highest 

Hf/Zr ratios ? especially some peculiar tarieties of zircon, such as 

alTitej cyrtolite and aaegite ? and the rare, scandium silicate , 

thortreitite , -whl,ch is the only mineral that is reported to contain ware 

hafnium than zirconium,,.

This report is a compilation of all published determinations -of the 

hafnium content and the hafnium/zirconium ratio of minerals and rocks » 

The published literature has been scanned mth the aid of the notched- 

card file on geochemistry of the U* S. Geological Surrey   In addition^ 

the following bibliographies on zirconium were checked;

YoresSj HO E<> -and Crcocton, F* E. 3 1951 9 Zirconiumj a bibliography 
of unclassified literature <, Uo S^ Atomic Energy Commission, 
TIB*3010 S 138 p», and supplement no D 1, IT P»

Williams, G*. C ft? Baker, B* 0*5 Jr &? Holzknecht, S» Wo, aad Moody, 
R 0 G« 3 1950, Zirconium and ha£oium-~a bibliography» U* S. Atomic 
Energy Commission, NYO»1008s 256 p»



Few of the data are recent <> The methods of determination and the 

authors ! own estimates of error are given in the annotated bibliography  

It is probable that determinations of hafnium by purely chemical methods 

or by determination of the density of the mixed oxides of zirconium 

and hafnium are of low accuracy,,

Most of the determinations cited are by Yon Hevesy and coworkers 0 

Probably some samples are given more than once in the tables, as it is 

known that re determinations were made on many of their samples 0 The 

sample descriptions are inadequate, so that it is not possible to be 

sure whether two sets of figures for material from a given locality refer 

to the same sample or to different samples»

Most of the samples that have been analyzed have not been well 

characterized as to the type of geological occurrence, so that only a 

few broad generalizations can be made as to the variation of the hafnium/ 

zirconium ratio in rocks and minerals from different types of deposits  

New analyses of carefully selected samples of known geological setting 

are highly desirable,,

HAFNIUM AW ZIRCONIUM CONCEIT AHD THE RATIO Hf/Zr 

II IEEE EARTH'S CRUST AKB II ROCKS

Estinfetes of the abundances of zirconium and hafnium are assembled 

in table l a It will be noted that most of the recent estimates are the

same* The estimates for zirconium are based on the analysis of many.
»

samples by Hevesy and Wurstlin (13)? but the estimates for hafnium are

not so well established 0 Yery few rocks have been analyzed directly for 

hafnium^ as seen in table 2« The estimates for hafnium are based
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largely iSa analyses of sircoaium minerals , especially of zircoa, as 

ia tables 4 through 8, and it is rather uneertaia whether the 

rock types hare "beem sampled well enough t$ giTe conf ideaee 

in the yalues giTrea for the ratio

EAMIUM Al® ZIRCOIIUM CQ!£3!E!t!I! ASP 3BE 

Hf/Zr OF MUERAIB

The amilable data are giyea in table k for zirc^lai, table 5

(varieties alrite, cyrtolite, ete^), table 6 for "badiSfileyite 

aad other zircotaiiam oxide aiaerals, table 7 f^r Jiircoaaium silicates, 

aad table 8 for miscellaaeous miaeralSp A list of the adaeral Baaes 

used ia these tables is giTea ia table 3> flth the chemical formulas* 

la each table, the deteradaatioas are grouped by minerals aad, for 

each mineral, geographically ia the order If&rth America, South America, 

Greenland, Europe, U.S^S^*, Asia, Australia, aad Africa «

As the type of deposit is not stated for aiaay of the samples, 

particularly ffcr zircm ia table k, areraging by type of deposit is not 

here attea^ptede It should be noted that all or nearly all of the samples 

of ̂ ircoa, variety ai?ite, etc*, of table 5? aad <sf thortveitite mad 

Other minerals of table 8 are from granitic pegmatites , whereas the 

bad&gleyite from Brazil, table 6, and the zirconium silicates of table 7 

are all fr$m nepheli&e s3^saite pegmatites or siiailar alfcalic rocks , The 

ainerals from granitic pegmatites show Tery high Hf/Zr rati#sj those 

from alkalic rdcfcs distinctly low Hf/2r ratios* Heresy (7) and Eeyesy 

aad Jantzea (12) hams girea averages of their -Own deterBdBatioasi these 

are tabulated ia table 9,
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Some of the samples that hare high ratios of Hf/Zr hare high 

contents of rare earths, uranium, and thorium,. There is not, however, 

a close correspondence between radioactivity and hafnium content in 

most zircon,,

In view of the very high Hf/Zr ratios of the minerals of tables 5 

and 85 it is somewhat surprising that higher ratios are not reported 

for some of the zircon listed in table k» lew determinations of the 

hafnium content of zircon separated from analyzed pegmatite rocks, 

granites ? granodiorites, and diorites might help to fill this gap in our 

knowledge  The Geological Survey, in the course of its work on the 

determination of geological age by analysis of zircon,, has separated such 

zircon  This should be an excellent collection on which to determine 

Hf/Zr ratio.
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Table 1 0  -Estimated abundances of hafnium and zirconium in the 
earth's crust and the ratio Hf/Zr«

lOo

1

2

3

k

5

6

7

8

9

10

11

ZrQ2 Hf02 
(Wto $) (¥t 0 #)

o 0 030 Oo 00058

.030 .00058

.028 .00058

0031 ,0029

0 030 0 00058

.03^ . 000^7

-,031 .0029

o031 o0029

,035 -0035

.

«, .

Ratio 
Hf/Zr

0,020

.020

.021

.109

,020

a Ol6

.109

.109

.115

.03^

I/ 0020

References

5

5

5

5

5

5

5

5

5

7

13

I/ Ratio HfOg
Zr02 H- Hf 02

1» Mason, 1952 2, Rankama and Sahama, 1950 3« Polanski, 19^8 k, Anderson ? 
19^5 5» Gtoldschmidtj 1937 6 C Fersman, 1933 7. Schneiderhohn, """*' 
8 0 Bergj 1929 9 B .Clarke and Washington, 192^0



Table 2 0   Hafnium and

No o Material

9

zirconium content and Hf/Zr ratio of roc

ZrQ2 Hf02 Ratio 
(¥t 0 %) (Wt. 5& ) Hf/Zr

1 Average ultrabasic rock 0 0008

2 Average gabbros

3 Average diorites

k Average granites

5 Rapakivi granites I/

6 Igneous rocks 2/

.019

0038

0062

.12 0 0 0028 0.02T

0 026 000038 0 01T

 ^ Trcs ^J!^O o

References

13

13

13

13

23

9

7 Estimated average ? eruptive
rocks ,039 »001 .029 2^

8 Zinc sulfide ore,, Saxberg ?
Sweden 3/ 0019 00001 o008 IT

JL/ Spectrographic determination made on a mixture of 3^- granites 
2/ X-ray spectroscopic determination on a mixture of 300 igneous 

rocks that contained 56o5 percent SiOgc
3/ Spectrographic determination.. The ore contained 30 percent
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Table 3« Compositions of minerals listed in tables k through 8,

Alvite I/ 

Baddeleyite

Caldasite 
Catapleite 
Cyrtolite I/

Elpidlte
Eudialyte-eucolite
Euxenite

Favas

Fergasonite 

Hagatalite I/ 

Malacon I/ 

Naegite _!/ 

Oyamalite ~l]

Pitchblende 
Polymignite 
Pyrochlore

Ros enbuschite

Thalenite 
Thortveitite

Wohlerite 

Yamagutilite \J

Zircon
Zirkelite
Zirkite

ZrSi04 containing rare earths, BeO, U, and Th 

Zr02

Zirconium oxide ore, chiefly baddeleyite
(Ha2?Ca)ZrSi309 °2H20
See alvite

Ha2 (Zr 5 Ti)Si6Oi5 -3H20
(Ga,Ma) 5Zr2Si6 (0,OH,Cl) 2O
(Y 5 Ce,U)(Nb,Ta,Ti)2 (0,OH)6

Pebbles in gravel , Commonly baddeleyite, may also be 
zircon 
(T sEr)(Nb 5 Ta)04

See alvite 

See alvite 

See alvite 

See alvite

U02 with U03 , Th02
(Ca PFe s Y 3 Zr)(lb,Ta ?Ti)04
(Ca 3Ia)(Fb s Ti)206 (OH,F)

(Ca,Na)3 (Zr ? Ti)Si208F

Y2S120T 
(Sc sY)Si207

HaCa2 (Zr 5 Nb)Si208(0,OH,F) 

See alvite

ZrSi04
(Ca,Fe)(Zr,Ti)205 (?)
Commercial name for zirconium oxide ore

I/ Alvite ? cyrtolite, hagatalite, malacon, naegite, oyamalite ? and 
yamagutilite are names given to varieties of zircon« Some of the names 
are not veil defined, but in general they apply to varieties of zireon 
that contain appreciable water and may contain rare earths, uranium,, 
thorium, beryllium? and P20s° Some of this material may not be zireon 
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Table ^ 0 --The hafnium and zirconium content and the Hf/Zr ratio 
in zircon.

No.

1

2

3
i*
5
6
7

8
9
10
11
12
13
ill-
15
16
17
18
19
20
2,1

22
25
2k
25
26
27
28
29
30
31
32
33
3^
35
56
37
58
39
to

Locality ,Zr°2_, x 
(Wt. $)

Connecticut
North Carolina ,
Henderson County

DOo
DOo
DOo

Florida
Pennsylvania j Berks
County
Oklahoma p fresh 2/ (66 ,5)
Oklahoma , metamiet 2/ (59 ,5)

Do. 2/ (59-7)
Oregon p Coos Bay
Ontario
Ontario , Renfrew
Ontario , Eganville
Brazil

Do,
Do*
Do, 63 o7
Do,

Brazil , Minas Gerais
Brazil,, Minas Gerais ,
Popos de Caldas

Do 0
Do 0
DOo
Do.
Do,
Do 0

Brazil p placer 6k 0
Greenland
Greenland^ larsarsuk
Austria , Carinthia 65  
France , Espailly 6^4- 023

Do 0
Do»
DOo 6^83

Italy p Lonedo
DOo

Italy , Novale
Italy , Vesuvius
Italy, Vieenza

Hf02 
(Wt. 1

1.0

k 0 Q

1-3

1.0
-

.

1.1
0 0 8
Oo6
~
-

0*6
1*2
-
-
-

1,3
loO

1.0

1.8
1.0
»
.
.
-
.

Ook

5 0
0,8
^ e
1.8
1.1
0<>7
1*2
0 0 7
Oo7
0,9
0.7
0,8

Ratio Method of References 
0 Hf/Zr analysis I/

.

-
-

0 D Ol6
«

0,027

0*02,6
2/(0,Ol8)
2/(0 0Ol6)
2/ (0.011)

0,025
5/ OoOlO

«
«

0.008
Oo015
OoOlO
Oo023

-
-

-
-

3/ OoOi^-
3/ 0.014
3/ 0,017
3/ 0.017
3/ 0

0 0007
-
«

0«07
0,032
-
_

0.021
-
-
-
.
-

XS

xs
xs
s
D
S

S
S
S
s
s
xs
xs
xs
s
s
s
xs
xs
xs

xs
D
c
c
c
c
c
xs
xs
xs
xs
xs
xs
xs
xs
xs
xs
xs
xs
xs

12

8, 12
10
k

22
k
k
18
18
18
k
13
12

8, 12
1*.
k
k
10
12
12

12
22
20
20
20
20
20
8

10
8 P 12
8, 10

10
12
12
8

12
12
12
12
8



Table 4 0 ~-'The hafnium and zirconium content and the Hf/Zr ratio 
in zircon--Continuedo

HO. Locality (^°^}

4l Italy, Vicenza
42 Norway 60^55
43 Norway 9 Brevik 63* 05
44 Norway 9 Frederiksvarn 6^96
45 Do a 65 02
46 Norway , Langesundfjord.
4j Do.
48 Norway 3 Larvik
49 Do o
5^ ,,. , y Portusok
51 s Avigait
52 3 Sc'ixLuchtseej

acid,
53 3 Schluchtsee,

basic
KJl TT Q Q P
V^ UoDsDo-Ke  ""

55 DOo
56 DO a

57 Do o
58 DOo
59 Do 0
60 Do o
6l DOo
62 DOo
63 DOo
64 D0 0
r\^\ TTw"^
Q^P HO a ^

66 Do 0
67 Do 9
/"O 

DO DO a

69 Do o
70 Do »
71 Do o
72 UeSoSoRoj, zircon ores ^6 0
75 Bo* 44 0
74 Do 0 59°
75 Do 9
76 Do .
77 DOo
78 Dof W JJvJ o ~

79 UoSeSoRo ? Botogolski
80 UoSoSoRo,, Kukisvumchorr
81 U 6S &S 0R op Mariupol
82 U 0SoSoR<>3 Poachvumchorr 66 c

HfOg Ratio Method of 
(Wto %) Hf/ar analysis I/

1.8 - XS
3o5 0,066 XS
lob Oc01,8 XS
2 08 Oo05 XS
loO 0 0 0l8 XS
1,7 » XS
OP1 =, T^

6 0 - XS
3/ Oo035 XS
3/ Co 015 XS
I/ Oo021 XS

3/ Oo026 XS

- 5/ 0 0 0024 XS
n p - if FS\^f o &, .aaJ*-/

0 0 It "'y^c? £^ &|= ta-J ^5,0

0«55 - ' XS
Q 055 - 'XS
0,5 - XS
O R YQ o V "" JLD

0 o 6 ~ XS
Oo6 - XS
0.6 - XS
Oo6 - .XS
0 *7 YQ » f  " ,<SJD

0 7 Y<2 of "" AD

Oo7 - XS
0,8 - XS
08   > xs\y O \*S <S±A*J

1 O VC! .Ltjf,, " AD

1 0 2 » XS
1 0 3 - XS
i.b 0.029 xs
0»7 0.021 XS
Oo7 0,016 XS
ipb - xs
0^5 - xs
0 08 - XS
Oc7 - £S
Oo5

OeT-laO

Oo5
Io6 Oo028 XS

References

10
10
8

10
8

10
22
10
15
13
13

13

13
3
5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
5
2
2
2
2
2
2
2

15
15
15
2



Table 4 W~The hafnium and zirconium content aad the Ef/Zr ratio 
in zircon Continued.

KO.

83

Qk

85

86
87
88

89

90
91
92
93
9)4.
95
96
97
98

99
100
101
102
103
IQk
105
106
107
100
109

110
111
112

Locality (ft?%)

UJ5.S.R., Sludyanka
( with allanlte)

UtfStfSaR*, upper Tulia 66 .
RiTer

U,S*8*Ro, Urals, Iljfien
Mts*

UJSoSa., Urals, Mlask 59*92
B®* 64*22

U*S«*S»R«>« Rajfcdv
Kluitsch

U.S«S»R.r, YishneTje
Gory

India
Do 0 62,3

India, placer 6k t
Ceylon

Do,
Bo*

Ceylon , "beecarite
Ceylon 9 Kals-ws Ganga
Siam 60-67

Bo «
Korea , Sinpyori 66 «0
Kctrea, Htjkuslozaii 6~*>?k
Australia

B&*
Australia, Queensland
!Tas]i»B.ia
Madagascar

SOo
D0 0

Jfe,da^.scar , Diego
Suarez

Madagascar, Mesatanana
ligeria
Locality unknown.

HfO*» Ratio Method, of « ~ 
(Wt* f ) Hf/Zr analysis I/ References

0-5

1,0

IpO
5»4
1*1

 0.5

0-9
-~

2«7
1.2
2,0
o -T
ilo
2.1
2«0
3,5

^ o

0.79
1.9
-

4.5
 

1,1
3-
0*9
0*7

0*6
2.0
2.3
6,

 

0,018

-,
oao
0*020

«

-
0.020
0,05
0.021

 
^
»
-
»

Oa060»

0.067
»

0*01^
0»03^
0,019

 
0.015

-
-
-
 

»
 n.

*

«

»

XS

B
XS
XS

XS

X0
s
XS
XSJt*J«J

XB
XS
D
XS
B
JB

XS
,.
«
s
B
S
XS
XS
XS
D

XS
1
B
XE

15

2

22
10

8, 12

8

3
k

10
8

10
8, 12

22
12
22
.11

8
6
6
^

22
k
8

10
12
22

8, 12
22
.22
10

fro®, density

See also Morgan and Auer (21)

I./ Metnods of analysis are designated as 
C - Chemical separation as phosphate | B - Hf content 
0f mixed oxides (&r,Hf)02j s - Spectrographic j XS - X-ray epectroscapic «

2/ Analysis for ZrQg Hade oaa materials frsaa the same locality siailar to 
"but not identical with the sample analysed, for Hf .

I/
Hf 0



Table 5°~"The hafnium and zirconium content and the Hf/Zr ratio 
in -varieties of zircons alvite (A), cyrtolite (C), hagatalite 

naegite (l) 3 oyamalite (0) s and yamagutilite

No,

1
2
5
it-

5
6
7
8
9
10
11
12
15
Ik
15
16
17
18
19
20
21
22
25
2k

25
26
27
28
29
30
31
32

Locality (w^0| }

U Q / if- \ \i/\ 
o Do \L J *t-O o

Uo S 0 3 Mass o ? Roskport (C)
DO a (C) " ¥l-o

Uo So 3 No Yo   Bedford (C)

Ontario , Parry Sound (C )
Norway, Kragero (A) 34 0

Do 0 (A }
Do o (A )
DOo (A)
DOo (A) 4la 98
^ (A) 4l 092

f (A)
Norway 9 G-jersted (A)
Norway,, Eittero (M) 62 a 8

Do. (M) ' 65.18
Norway <, Risor (A)
Norway 5, southern (A) 4? 09

Do 0 (A) kQ Ok
UoSoSoRoo Ilmen gory (M)
UoSoSoRoo Blumovskaya (M-C) ~
U aS 0!SoRo 5 Karelia (C)

DOo (G?
U^SdSaRo;, Rozhkov .Klue.^ (M) -
U 0S 0-SoRon Zap oleninya
varakt (C) 47^82

Japan,, Hagata (.1) 39-7
Japan,, Mino (l) 48 30
Japan,, laegi (N) 4-9 0 8
Japan 3 Gyama (0) 38   J
Japan 3 Yamagutl (Y) ca 0 4o 0 2
Madagascar (M)

Doo (M) 55 02
Madagascar ;, Ahi-Iambana (M) -

Hf02 Ratio 
(Wt» ^) Hf/Zr

9 0 0 026
>10» 2/ 0^22,
17 o Qokk

ca 0 5 0 Oo09-
2/ OollP ^6 ""

f, o ̂ U -

16 0 0 0 ,54
3 &
8.

15 o

4 06 Ool?
k 066 0»15
5.9
9 0
5o Oo088
?.o6 0^046

J.,V o  °

3/ 5o5 Ool5
5/ 6oO Ool4

0 0 8
1,8
2»5
Io8
2 e 6

Io70 O d *04l
2.3 0<,066
7o Ool7
3o5 0 008
2,2 0.065

cQi^ok 0<>097
7o
i 0 0 0 086
2aO

Method of 
analysis I/

XS
XS
XS
XS

XS
XS
XS
XS
XS
XS
XS
XS
XS
XS
XS
XS
D
D
-
-
XS
-
, 

-.

.
XS
XS
-
-
XS
XS
D

References

10
15
8
13

9
10
10
10
10
8
1
3
10
11
8

10
22
22
15
15
9

15
15

16
6

10
8
6
6
11
8

22

See also Morgan and Auer (2,1)

I/ Methods of analysis? D - By density of oxides; XS 
scopie e

2/ Ratio HfOg

-ray spectre-

^ It is stated in 'the same reference (22) that the oxides recoTered 
from a large amount of these samples contained 2*2 percent
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Table 6 0 ~~The hafnium and zirconium content and the Hf/Zr ratio 
in zirconium oxide minerals and ores 0

No*

1
2
3
4
5
6
7

8

9

10
11
12
13

14
15

16
17
18
19
20
21

22
23
24

Name and locality /_.. 2^\
^ W w o yu /

Baddeleyite, Brazil 97 0 1
DOo 97o7

Baddeleyite , Brazil,, fava 92 0 42
DOo 91ol2
Do. 59 0
Doo 74 »

Baddeleyite , Brazil, fava,
shell 59 ,

Baddeleyite , Brazil,, fava p
core 74 o

Baddeleyite , Brazil y
PQ^OS de Caldas

Do I
Do, 73=2
DOo 92.1

Fava,, Brazil 9 Ppcos de
Caldas

Do 0
Caldasite. Brazil, Pocos de > -' f 
Caldas

DO a

DOo
Zirkite ore,, Brazil
Baddeleyite 3 Colorado J/
ZrOg reagent
Polymignite , Norway 9 
Frederiksvarn 28 0 71

DOc 29 0 11
Zirkelite 3 Brazil 51° 7
Zirkelite, Ceylon 51=89

Hf02 Ratio Method of   . (Wt. %) Hf/Zr analysis I/ References

1, 0 8 Oo021
Io2 OaOl4

Oa7 0.009
2 0 Oo025
Oo5 0»010
0.5 OoQ08

1» Oo019

1» 0 0 015

0,013
2 a
lol 0 0 017
1 0 4 0,017

2/ Oo002
2/ Oo024

2/ Oo022
2/ 0 0 034
"2. / Oo04l

0 0012
0,068
OoOlO

0^9 Oo036
Oo6 0=024
Io2 Oo026
1 0 Oo022

XS
xs
xs
xs
xs
xs

xs

xs

s
D
c
c

c
c

c
c
c
s
s
s

xs
xs
xs
xs

10
8
8

10
8
8

10

10

4
22
20
20

20
20

20
2,0
20
4
k
4

10, 11
8

11
8

_!/ Methods of analysis? C - Chemical fractionation of phosphates y 
D - By density of mixed oxides; S - Spectrographic; XS - X-ray speetroscopie.

, . HfOg 
£-,/ Kacio ff-Ytf) j_ IIT'P'O

3/ Baddeleyite is not kno¥n to occur in Colorado,, U 0SJU
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Table ft The hafnium and zirconium content and the Hf/Zr ratio 
in zirconium silicates 0

Zr02 Hf02 Ratio Method of 
No a Name and locality /w+ .at\ /Uf, v\ rr-p/W a-nni-vR-fQ i / References

\ W u o TO / ^wuo/0/ Hi, j z_|X CUiClJUjyDJUb JL^

1

2
3
4

5
6
1

8
9

10

1,1
12

13
1,k

15

16
17
18
19
20

21
22
23
2,4
25
26
27
28
29
50
31

Catapleite, Greenland 30 065 0*2 Oo007
DOo 31°53 Oo3 OoOll

Catapleite, Norway 31° 52 Oo3 OoOll
Catapleite, UJSeSoR*,
upper Tulia RiTer 30 0 5 0 06 Q«Q23
Catapleite, U 0S e S 0R 0 - Oo35

DOa - Ool

Cataple its , U   S ,S 0R 0 ,
Pereval Lopar ea 0 Q«3

Eudialyte, Greenland 1^ 0 30 0«19 0=0.15
Eudialyfce , Greenland,,
larsarsuk . 12- 16 Q 02 0»Q1^-

0^019
DOo 12- 16 0 0 6 OeOte"'

DOo 12-20 0.2 Oo019
Eudialyt-e , G-reenland,
Kanger dluarsui l^-»32 Ool7 OoOl^

ludialyte, Norway 1^ 0^7 0 0 7 0 0 055
Eudialyte, lorway.
Barkevik 12 021 0 02 0*019
Eudialyte, UeS 9S eRo, Kola
Peninsula 13 0 Oo2 0 0 017

Dc,> 19 o OoJ OoOlS
Do 0 13   0»3 Oo026
DOo - 2/Oo021
DOo - Ool ~~ -

Eudialyte p U &SoS 0R 0 ,
Poachvumchorr, altered 30   Oo4 Oo015

Eudialyte, UoS 0S 0R 9 13 =5 Ool2 0*010
DOc. 2 aO Ool2 0 0069
DQ O 2,7 0»12 Oo051
T\.^ f\ O JJO o "° U e>G, =

DOo Ool
BOo - 0,06
DOo - 0.35
Do 0 - Ool2
DOo » Oo06
Do 0 - 0*06
DOe - Oo06

XS
XS
xs

xs
xs
xs

-
xs

xs

xs

xs

xs
xs

xs

xs
xs
xs
xs
xs

-
xs
xs
xs
xs
xs
xs
xs
xs
xs
xs
xs

10
8
8

2
3
3

15
10

11

11

8

8
10

8

2
2
2
13
8

15
3
3
3
3
3
3
3
3
3
3
3

Elpidite, Greenland,
Narsarsuk 20 0 1 0<A OoG2°5 XS 11



Table To--The hafnium and zirconium content and the Ef/Zr ratio 
in zirconium silicates =Continued 0

*,.

33

3^

35

36
3T

Name and locality , §*
\ WlJ o f) )

Elpidite, Greenlandp
. Narsarsuk 20o28
Rosenbusehitep Norway,,
Langesund 19 «80

Wohlerite, Norway,,
Lange sund IT » 55

DOo
Wohlerite, Norway,
Barkevik 15.61

I/ Method of analysis; XS - X-ray
2/ Ef02

10 Zr02 + Hf02

Table 80- -The hafnium and zirconium

Hf02 Ratio 
(Wt. %) Ef/Zr

0*2 OoQll

0«3 0.017

0=7 0 00^6
- 2/0 o 031

Oo5 Oo03T

spectrosaopic .

content and the

Method of 
analysis _!/

XS

XS

XS
XS

XS

Ef/Zr ratio

References

8

8

10
13

8

in other miscellaneous minerals 0

No*

1

2
34
5

6
T
8
9
10
11
12

Zr02 
Name and locality ( lll+ «r\

\ p¥ C; o y<3 /

Thortvettite , Norway ?
Iveland . 1. 0 2

DOo
Do,, 2«

Thortvei.tite , Norway3
Unneland 0.8
Thortveitdte , Madagascar^
Befanamo 2 0 2

DOo 2oO
Bo.   1.3

Thalenite ? Sweden , Osterby - -
Pyrochlorej, Sweden , Alno 2 0 8 ca

Do e 2o90
Pitchblende
Fergusonite and eujcenite

Hf02 Ratio 
(Wt 0 <j>) Ef/Zr

2 00 1,9
2/0 o 20

0=5 0<>29

1.1 1.06

1.8 0.9^
3o2 1.8
1.0 Oo88
0»13 0 0 26
C^ "I r^i^i C) (fj/1-

tr
2/0 o 019
2/0.05-

Method of 
analysis I/

XS
XS
XS

XS

XS
XS
XS
XS
XS
XS
XS
XS

References

11
13
8

11

11
11
8
13
11
8

13
13

0.06

I,/ Method of analysis 2 XS - X-ray spectroseopia,

Zr02 + Hf02



18

Table 9"--Averages of Hf/Zr ratios of minerals according to source 
(Data of Hevesy and Jantzen P 7 and 12),

Hepheline syenite minerals

Mineral

Baddeleyite
Baddeleyite 9 faTas
Catapleite
Elpidite
Eudialyte
Polymignite
Bo seribus chite
Wohlerite
Zircon

See table no 0

6
6
7
7
7
6
7
7
k

Hf/Zr

0,014
0,008
OoOll
0.011
0,011
0,025
0.017
0«05^
0 e 017

Granitic minerals

Alvite
Cyrtolite 
Bfelacon
laeglte
Thortreitite

0 C 08
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9° Malacon, Colorado, Cheyenne Canyon

10o Cyrtolite, New York, Bedford
1,1 o Malaeon, Ontario, Hybla
12c Alvite s Norway, Helle

Hf trace 
0,^5 
0,30 
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